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ABSTRACT 

A model explaining physician supply, in the United 
States from 1953 to 1973 was postulated and estimated. 
Factors affecting the supply of foreign and domestic 
physicians were examined separately. Several aspects 
of medical school capacity and physicians' income were 
also developed, and recent trends in medical education and 
the training and licensing of physicians were examined. 

A model for examining the selection of medical specialties 
was proposed. 
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I. INTRODUCTION 



The advent of the All Volunteer Force has had a 
significant impact on the projected ability of the military 
services to recruit and retain physicians in numbers suf- 
ficient to operate the military health care delivery 
system at its historical level. Thus more attention 
must and is being given to the quantification of those 
elements which affect the flow of new physicians into 
active practice in the United States. This is a necessary 
first step in constructing a model which would assist the 
services with their particular physician problem. 1 

Pierce Johnson, after reviewing the literature and 
examining the historical production of physicians since 
1910, prepared a model to explain physician supply [Ref. lj . 
Using Johnson's work as a basis, a more refined model 
was developed and estimated using data from 1950 to 1973. 

Focusing on the monetary aspects of students' decisions 
to enter the field of medicine, a series of equations was 
estimated that explains the yearly production of domestic 
physicians. In addition, a set of structural equations 
was formulated, but not estimated, which might describe the 
economic factors influencing a medical student in his choice 
of a specialty. 



^his research is a portion of a project being funded by 
Systems Analysis Division, Office of the Chief of Naval 
Operations, examining physician supply. 
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The elements which determine the flow of foreign 
trained physicians into the United States health care 
delivery system were examined and modeled. Finally, the 
existence of barriers which prevent, foreign physicians 
from practicing in this country was addressed. 
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II. THE MODEL 



The supply of physicians entering the medical profession 
in a given year (or accessions in year t) comes from two 
sources; they may either be graduates of domestic or foreign 
medical schools. In equation form, accessions are defined 
in year t (A^) as: 

A t = FMGL t + DMGL t (1) 

where FMGL^ represents foreign- trained physicians licensed 
for practice in the U.S. in year t and DMGL is their domes- 
tic counterpart. Their respective paths entering the system 
are quite different, and must therefore be considered 
separately . 

A foreign medical graduate (FMG) desiring to practice 
medicine in the United States faces certain obstacles before 
he may apply for licensure. He must first pass the Education 
Council on Foreign Medical Graduates (ECFMG) examination. 

The annual failure rate in this examination is high, and 
greatly restricts the number of foreign physicians eligible 
to seek licensure in the U.S. Yet the financial benefits 
of becoming a licensed physician in this country are 
substantial . 

In the present model, the number of foreign medical 
graduates who have applied for but not yet passed the ECFMG 
exam will be designated by the variable POOL, inasmuch as 
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they literally represent a pool of potential licensed 
physicians available to this country. POOL is assumed 
to be a function of the net median income of a U.S. phy- 
sician (INCOME) , and the historical probability of 
successfully passing the ECfMG exam (PASS). This relation 
can be represented in general form by: 

POOL. = f (INCOME ,-PASS ,) 2 (2) 

L LA L a 

Once a member of the POOL has successfully completed 
the ECFMG exam, he is eligible to seek licensure in the 
state in which he desires to practice. However, requirements 
for the licensure of foreign medical graduates vary greatly 
from state to state. Since a substantial portion of these 
doctors never become licensed physicians, the number of 
foreign medical graduates actually licensed to practice in 
the U.S. (FMGL) is modeled as a function of POOL. 

FMGL t = g(POOL t _ x ) (3) 



2 In this and in all subsequent equations, the subscripts 
represent time in increments of one year. Given that time t 
is the year being examined, a subscript of t-x is the value 
of that variable x years earlier, reflecting a delay (or a 
M lag M ) of x years before the impact of a change in the inde- 
pendent variable (in this case INCOME) would be reflected in 
the dependent variable (POOL, for instance). This period is 
normally interpreted as a delay in the flow of information, 
or the period of time that passes before this information 
becomes a basis for decision. The exact value of these time 
lags, for each equation to be examined, will be specified 
in subsequent chapters. 
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The number of domestic medical school graduates can be 
modeled in more detail. A student who has completed four 
years of college may apply to medical school. Undoubtedly 
many of these applicants are motivated by highly personal 
or idealistic goals, and would seek to become physicians 
at almost any income level. Nonetheless , 'most applicants 
may be presumed to be influenced, to a significant extent, 
by the previously discussed variable INCOME, and the amount 
of federal scholarships and loans available to medical 
students (FSL) . Thus the number of applicants can be 
described by the equation: 

APPLICANTS. = h (INCOME ,FSL._ ) (4) 

It is necessary to note that medical schools in this 
country have been operating at capacity for the time period 
covered by this model. 3 In their annual report on medical 
education, the Journal of the American Medical Association 
has used identical figures for "enrolled students" and 
"capacity" since 1950. The question then becomes, "What 
affects capacity?" 

Previous studies have claimed that the capacity of 
medical schools is dictated by the American Medical 
Association in accordance with their own self-interest, 

3 For purposes of this model "capacity" will refer only 
to the capacity for first-year enrollment, and not the total 
capacity of the school. 
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and perhaps this is so. 4 This model is not structured to 
examine this hypothesis directly. Identifying (and quanti- 
fying) this type of influence would be extremely difficult, 
and would require a separate analysis. But other factors 
presumably exist which should- exert substantial influence 
on the decision to expand or reduce capacity. Certain 
federal legislative incentives (FLI) to increase capacity 
may well have had an effect. s The demand for increased 
capacity, as reflected by applicants, should also be signifi- 
cant. Certainly if it can be demonstrated that these 

* • 

factors exerted only a nominal influence on the overall 
capacity, such results would be consistent with the hypo- 
thesis -that a strong external constraint to limit the growth 
of medical schools does exist. Whether or not this con- 
straint might have been imposed by the AMA would, of course, 
not be discernable within this model. 

We will examine the following relationship between 
capacity, applicants, and legislative incentives: 

CAP. = m (APPLICANTS .FLI. v ) (5) 

L L "■ X L X 



4 Self- interest in the sense that a shortage in physician 
supply in the U.S. drives up the price for physician services, 
manufacturing artificially high salaries for the member 
physicians. For an examination of these studies, see 
Reference 1. 

s State legislative incentives might b'e even more sig- 
nificant, particularly for state institutions, but modeling 
this would require an examination of the capacity of each of 
the medical schools individually, an effort far beyond the 
scope of this research. 
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The number of students actually graduating from medical 
school (GS) will be defined as the number of students 
entering medical school minus an attrition factor. Studies 
have shown that the principal cause of attrition among 
medical school students has been academic failure, followed 
by a loss of desire to become a doctor. Lack of financial 
support appeared to be rarely a- problem [Ref. 2]. It will 
be assumed that the percentage of entering students graduat- 
ing four years later is a constant factor k„ Moreover, 
since capacity is identical to the number of entering 
students, we can define GS to be: 

GS t = k * CAP t _ 4 (6) 

It should be noted that graduating from a domestic 
medical school does not imply automatic licensure. Each 
graduate must complete a specified period of residency 
before he is eligible for licensure, the time required 
being dependent on the particular medical specialty he 
desires to enter. 

In previous years, this period was separated into a 
one-year generalized "internship," with a subsequent two 
or more years of specialized "residency." But the current 
trend in medical education is for graduates to go. directly 
from medical school into residencies, with internships 
being completely phased out in the near future. 6 In 

6 See discussion in Chapter III. 
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this model periods of internship and residency will be 
combined under the term "residency." 

Attrition during this period has not been examined in 
the literature, but it appears that almost all domestic 
medical school graduates are licensed at some time subse- 
quent to graduation. In fact, the American Medical 
Association, in its annual Distribution of Physicians in 
the United States has included interns and residents as 
a part of the total physician strength of the United States. 
Thus the equation for the licensure of a domestic medical 
graduate will not be examined in detail, but rather pre- 
sumed to be a mechanical relationship represented by the 
equation : 



DMGL = n * GS , 0 < n < 1 (7) 

L t ~ X 

The formal model is now complete, inasmuch as the sum of 
DMGL and FMGL is the annual accessions to the medical pro- 
fession, as discussed in equation (1). But A^ can also be 
defined as the summation of physicians entering each of the 
medical specialties. 7 Consider the equation: 

6 

A„ = 2 EP 1 (la) 

L i = l z 



7 For this equation, the corresponding values for i will 
be 1 - General Practice; 2 - Internal Medicine; 3 - General 
Surgery; 4 - Obstetrics/Gynecology; 5 - Pediatrics; 6 - All 
Other . 
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What factors influence a young physician in this 
decision process? One might be the opportunity cost (OC 1 ) 
in choosing specialty i instead of specialty j , where j 
represents the specialty having the greatest financial 
return. Given the nature of this market, the job oppor- 
tunity (JO) or the need for more specialists of type i 
might also have an effect. This is the case because the 
availability of residencies within a field and the oppor- 
tunities to practice in that field after licensure would 
probably influence the individual's decision. Thus the 
number of physicians entering each specialty may be 
modeled as : 



EP 



i 

t 



fi(OC* 






( 8 ) 



with OC* determined by the difference in median incomes 
t“ x i 

in year t-x- , and J0^_ defined as the percentage of 
i ' — ^ i 

residencies filled in specialty i in year t-x^, the interval 
x^ varying according to specialty. 
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III. THE DOMESTIC PHYSICIAN 



While the foreign trained physician represents the 
short-run supply response (see Chapter IV) to changes in 
needs or demands for physicians, the model postulates the 
domestically trained physician as the long-run supply response. 
That is, the number of physicians that can be produced 
(trained) at any given point in time is constrained by the 
capacity of United States medical schools at that time. In 
order to increase this capacity, existing facilities must 
be expanded or new facilities constructed. Qualified 
personnel must be found to administer and teach in these 
facilities. After the initial decision to expand, construc- 
tion takes the majority of the time before new facilities 
can be put into use. Moreover, even if construction were 
instantaneous, it would still require a minimum of three 
years for any student to successfully complete his education 
in the new facility. 6 

Upon completion of medical school, the graduates are 
not yet able to practice. They must be licensed by one of 
the individual states or the national licensing board. This 
requires pa.ssing a written examination and completion of a 
year of internship/residency. The minimum amount of time 

8 A medical school education would normally take four 
years. However, under the Health Manpower Training Act of 
1971, special incentives are provided to reduce the length 
of training, and a significant number of three-year graduates 
are now being produced. 
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from the opening of a new medical school until its first 
graduates become licensed physicians available to practice 
is thus a minimum of four years. 

A. FACTORS AFFECTING CAPACITY OF AMERICAN MEDICAL SCHOOLS 

During the period examined there has been a surplus 
of applicants for medical school (see Table 1) . It appears 
that the binding constraint is not the lack of qualified 
applicants . 

While perhaps a decade ago medical school administrators 
h.ad argued that the number of qualified applicants was 
insufficient to justify any substantial expansion, this is 
certainly not true today. The academic profile of the 
rejected applicant has improved considerably. Pressure to 
accept students of minority groups has resulted in appli- 
cants who would probably have been considered unqualified 
being accepted, and their subsequent satisfactory performance 
and graduation is a strong indication that the large number 
of better qualified non-minority applicants rejected by 
medical schools could reasonably be expected to support 
any expansion. Only in those state-supported medical 
schools that are required to accept a set quota of resident 
applicants could the availability of applicants be a real 
constraint [Ref. 17] . 

Instead, the capacity of existing medical schools 

appears to be the binding constraint, and for the purposes 

* 

of this model, it was assumed that all medical schools 
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TABLE I 



MEDICAL SCHOOL ACCEPTANCE RATES 
1950-1972 



Academic Year 


Applicants 


Acceptances 


Acceptance Rate 


1950-51 


22,279 


7,254 


32.6 


1951-52 


19,920 


7,663 


38.5 


1952-53 


16,763 


7,778 


46.4 


1953-54 


14,768 


7,756 


52.8 


1954-55 


14,538 


7,878 


54.2 


1955-56 


14,937 


7,969 


53.4 


1956-57 


15,917 


8,263 


51.9 


1957-58 


15,791 


8,302 


52.6 


1958-59 


15,170 


8,366 


55.1 


1959-60 


14,952 


8,512 


56.9 


1960-61 


14,397 


8,560 


5 9.9 


1961-62 


14,381 


8,682 


60.4 


1962-63 


15,847 


8,959 


56.5 


1963-64 


17,668 


9,063 


51.3 


1964-65 


19,168 


9,043 


47.2 


1965-66 


18,703 


9,012 


48.2 


1966-67 


18,250 


9,123 


50.0 


1967-68 


18,724 


9,702 


51.8 


1968-69 


21,117 


10,092 


47.8 


1969-70 


24,465 


10,514 


43.0 


1970-71 


24,987 


11,500 


46.0 


1971-72 


29,172 


12,335 


42.3 


1972-73 


36,135 


13,757 


38.1 



Source: Reference 3, page 909. 
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are operating at full capacity. Rather than defining 
capacity as the total enrollment in medical schools, it is 
defined as the number of first-year openings. That is: 

CAP t = ES 

It is at this point in the system that increases (or 
decreases) will first become noticeable. 

1 . Applicants 

^ The number of applicants applying for medical 

school in a given year represent the pressure of those 
outside the medical profession desiring entry. It is 
assumed that this pressure is not considered relevant for 
capacity decisions if it is transitory. As a consequence 
the model has been designed to evaluate the effect of 
applicant pressure over an extended period of time. To 
reflect this pressure for expansion, the model uses the 
sum of applicants over the last three years under the 
variable name CANTS3, where 

t 

CANTS3 = Z APPLICANTS. 

i=t- 2 1 

2. Federal Incenti ves for Increasing First Year 
Enrollments 

The variable FLI represents the total federal 
obligations to medical schools in the area of undergraduate 
medical education, including loans, scholarships , operating 
funds, and construction funds for teaching and research 
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facilities. The first legislation to make a substantive 
impact in this area was the Health Professions Educational 
Assistance Act (HPEA) of 1963, and the resultant contribu- 
tions to medical education showed a marked increase begin- 
ning in 1965 and continuing to the present (see Appendix A, 
Table XII). As a consequence, two variables were used, 
with MINFLI representing the relatively minor obligations 
from 1950 to 1964, and MAJFLI representing the increasing 
obligations from 1965 to the present. 

This division enables one to distinguish between 
generalized federal funding, offered to a wide variety of 
educational institutions which happened to encompass medical 
schools , and the concentrated efforts of the federal govern- 
ment to stimulate the growth and development of schools of 
medicine . 

These efforts have been substantial [Ref. 4] . The 
HPEA offered federal financing for up to two- thirds of all 
new construction or renovation done with the intent of 
increasing the capacity of a school of medicine, and initiated 
a program of scholarships for medical students. In 1965 it 
was amended to implement the scholarship proposals, and 
included an authorization to provide federal support for 
operating costs and such improvements as were necessary to 
strengthen the accreditation status of schools having diffi- 
culty in this area. 

In 1968, the Health Manpower Act extended the 
provisions of the HPEA Act, and established the Bureau of 
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Health Professions Education to administer the Physician 
Augmentation Program, a program designed to increase first- 
year enrollments (defined as CAPACITY by the model) by 1,000 
students by 1970 [Ref. 5] . The award of any basic improve- 
ment grants was predicated upon an enrollment increase of 
at least five students, or 2.5 % of the first-year class if 
the enrollment already exceeded 200 students. This act 
also established the priorities of increased enrollment, 
financial distress, curriculum improvement, and reduced 
period of training. 

In 1971, the Comprehensive Health Manpower Training 
ACT (CHMTA) shifted the emphasis to a program of "first- 
dollar" capitation grants, providing $6,000 per graduate 
to any school increasing its initial enrollment by 10 
students (or 51, if enrollment exceeded 200 students). 
Scholarships were incorporated into the Federal Guaranteed 
Student Loan Program, and these funds were now distributed 
among the schools on the basis of the number of enrolled 
students from low- income families rather than total enroll- 
ment, an attempt to stimulate minority selection. To 
encourage a shortened period of education, additional awards 
were provided for each student graduating in three years, 
or completing a combined six-year program of pre-med and 
medical school. A separate source of funds was established 
for schools of medicine opening after 18 November 1971, 
with a sliding scale from $10,000 initially to $2,500 at 
the end of the third year for each student enrolled in the 
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school. The federal share of financing construction was 
increased to 80% for new schools or major expansions of 
existing schools, and 70% for all other. 

The increased funding due to this major effort can 
be observed in Appendix A, Table X, and the effect of these 
funds as shown by the elasticity is discussed in the next 
section. While other pressures may have encouraged expan- 
sion to some extent, the magnitude of the increase in the 
late 1960's contrasts sharply with the growth in prior 
years. Perhaps the most telling fact is the major jump 
in the 1972-73 enrollment figure. At a time when the 1968 
act had already brought about substantial expansion, and 
the 1971 act gave no credit for previous expansion in 
determining eligibility for capitation grants, every eligible 
medical school has met the expansion requirements to partic- 
ipate in the capitation grant program [Ref. 4] . 

3 . Estimated Behavioral Relationship s 

The stochastic form of structural equation (4) is: 

CAP = B 51 + B 52 CANTS 3 + 8 53 MINFLI ^ + 8 54 MAJFLI t _ 3 + y (4) 

where CAP is the capacity as previously defined, CANTS3 is 
the sum of the last three years' applicants, MINFLI is 
the minor- federal obligations in millions of dollars 
lagged by one year, MAJFLI 3 is the major federal obligation 
in millions of dollars lagged by three years and y is the 
random disturbance term. 
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The particular lags selected are based on 
approximations of the response time to various incentives 
offered. While minor funding normally took the form of 
direct support loans or grants, major funding influenced 
both immediate increased enrollment and long-term construc- 
tion of expanded physical plants, requiring a substantial 
lag to incorporate both facets of this effect. 

The coefficients to be estimated are represented 
by the Greek letter $. 9 The disturbance term, y, is a 
random variable and the following classical assumptions 
concerning the disturbance term and the data were made: 



E(y) = 0 


CD 


E(yy T ) = o 2 1 


(2) 


X is a fixed matrix. 


(3) 


X has a rank k . 1 0 





Prior to discussing this question in further detail 
the implications of assumption (2) regarding the disturbance 
term, y, must be examined. In relation to time series data, 
it implies serial independence for the disturbance terms. 
That is covariance of y and y t + ^ i- s equal to zero. When 

9 In the subscripts of the coefficients the first element 
refers to the number of the equation. The second element 
refers to the order in which the independent variables 
appear in a specific equation. 

10 X is the matrix of observed values of the independent 
variable. k is the number of independent variables. 
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dealing with a time series that is increasing this may not 
always be true. It is a distinct possibility that the dis- 
turbance terms (y t 's) follow the first-order regressive 
scheme : 

li = Oli - +£ 

M t M ^t-i t 

where |p| <1 and satisfies the following assumptions 
for all t: 



E(s t ) ■ 0 




(1) 


EO t , e t + p ) = °l 


p = 0 


(2) 


EC V = 0 


o 

Q_ 


(3) 



If this is the case, first-order positive auto- 
correlation is said to be present in the data and should 
be taken into account and generalized least squares rather 
than ordinary least squares used to estimate the coefficients. 
If this is not done the sampling variances of the regression 
coefficients would be seriously underestimated resulting in 
inefficient predictions by the model. 11 Underestimation of 
the variance of the coefficient will also result in larger 
t statistics and the possibility that an independent variable 
will be included in the regression that should not be [Ref. 6]. 

1 1 Inefficient in this sense means the prediction of the 
model would have variances which would be larger than those 
resulting from using generalized least squares in estimating 
the coefficients. 
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Durbin and Watson developed a statistic, known as 
the Durb in-Watson M d" statistic, which is useful in testing 
for autocorrelation when the sample size is small [Ref. 7] . 
The d statistic is: 
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where e is the calculated residual, t the time period and 
n the number of observations. Unfortunately the sampling 
distribution of d depends on the observed values of the 
independent variables so it was only possible for Durbin 
and Watson to establish upper (d u ) and lower (d-^) limits 
for the significance levels of d. 

In order to determine whether positive autocorrela- 
tion was present, the following hypotheses were tested: 

H q : E (yy T ) = o 2 I 

H 1 : Cov (y t , U t+1 ) >0 t = 1,..., n 

The Durbin-Watson test statistic, d, was used. If d was 
greater than the upper limit, d u , for the given significance 
level, H q could not be rejected at that level. If d was less 
than the lower limit, d^, H q could be rejected but if d 
falls between and d y the test is inconclusive. 

Ordinary least squares was first used to estimate 
the coefficients in equation (5). The Durbin-Watson statistic, 
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d, was less than (see Appendix C) indicating that first- 
order positive autocorrelation was present in the data. 
Generalized least squares was then used to re-estimate 3,. , 

B 52’ B 53’ and 3 54. 

The Cochrane-Orcutt iterative technique was used to 
estimate the first-order serial coefficient, p, of the dis- 
turbances. This technique uses ordinary least squares to 
form an initial value for rho . The following iteration 
then takes place: 

(1) All data are transformed by rho 

(© • g • > . 

(2) Regression is performed on the transformed 

data . 

(3) The regression coefficients are 
multiplied into the original dependent variables to 
recalculate the serially correlated areas. 

(4) A new estimate of rho is formed. 

(5) When rho changes by less than .005 from 
one iteration to the next, the process stops and regression 
output is produced [Ref. 8] . 

Data transformed in this manner adheres to assumption 
(2) and ordinary least squares may be used. 

The resultant form of equation (5) was: 
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